PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07C 51/00 



A2 



(11) International Publication Number: WO 98/43936 

(43) International Publication Date: 8 October 1998 (08.10.98) 



(21) International Application Number: PCT/US98/05998 

(22) International Filing Date: 26 March 1998 (26.03.98) 



(30) Priority Data: 

08/826,217 



27 March 1997 (27.03.97) 



US 



(71) Applicant: THE BOARD OF TRUSTEES OF THE UNIVER- 

SITY OF ILLINOIS [US/US]; 352 Administration Building, 
506 South Wright Street, Urbana, IL 61801 (US). 

(72) Inventors: PEZZUTO, John. M.; 846 Bonnie Brae Place, River 

Forest, IL 60305 (US). KIM, Darrick, S., H M U 901 South 
Ashland Avenue, 803-A, Chicago, IL 60607 (US). 

(74) Agent: NAPOLI, James, L; Marshall, OToole, Gerstein, 
Murray & Boron, 6300 Sears Tower, 233 South Wacker 
Drive, Chicago, IL 60606-6402 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, DE, 
DK. ES. Fl. FR, GB, GR, IE, IT, LU, MC, NL, PT. SE). 



Published 

Without international search report and to be republished 
upon receipt of that report 



(54) Tide: IMPROVED METHODS OF MANUFACTURING BETULINIC ACID ~ ~ ~~ 

(57) Abstract 

in hi^pKl^y °! d manUfaC,Urin8 betUUniC ** fr0m beW,in ^ diSCl0Md - ^ P™*" *" of betulink acid 



BNSOCCIO: <WO 9943906A2_I_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to .identify States party to U* PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BB 

BF 

BG 

BJ 

BR 

BV 

CA 

CF 

CG 

CH 

ci 

CM 

CN 

cu 
cz 

DB 
DK 
EE 





' "ES 




LS 


Armenia 


FI 


Finland . . 


LT 


Austria . ■". ■ c • 


• : FR 


' France 


LU 


Australia 


GA 


. Gaboa 


LV 


A3erbaijai! 


■ GB 


linked Kingdom 


MC 


Bosnia and Herzegovina 


. GE 


Georgia , . 


MD 


Barbados • * : 


" GH 


Ghana 


MG 


Belgium 


GN 


Guinea t 


MK 


Burkina Faso 


" v GR 


' Greece 


Bulgaria 


HU 


, Huagary .. . . 


ML 


Benin 




Irtknd 


MN 


Brazil 


IL 


Israel . . . 


• ME 


Br Una . ' 


IS 


■ Icdind ■ 


* MW 


Canada 


IT 


Italy 


MX 


Cetural African Republic 


* JP 


■ Japan 


NE 


Congo 


KE 


Kenya 


NL 


Switzerland 


KG 


Kyrgyzstan 


NO 


Cole d'lvocre 


KP 


Demccratic People's 


NZ 






■ Republic of Korea 


PL 


China 


KR 


Republic of Korea 


. FT. 


Cuba 


KZ : 


Kazftkstcj ■' 


ttO 


Czech Republic 


LC 


Saint Lucta 


RU 


Germany 


U 


Liechtenstein 


SD 


Denmark 


LK 


Sri Lanka 


SE 


Estonia 


LR 


Liberia 


SG 



Lesotho 


SI 


Slovenia 


Lfthsazua 


SK 


Slovakia 


Luxembourg 


5N 


Senegal 


Latvia 


SZ 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


Tt» former Yugoslav 


TM 


Turkmen tstin 


Republic of Macedonia 


TR 


Turkey 


MaU . 


TT 


Trinidad and Tobago 


Mongolia 


UA 


Ukraine 


Manritaaia • 


UG 


Uganda 


Malawi 


US 


United States of America 


Mexico 


uz 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 


Norway 


ZW 


Zimbabwe 



Nsty Zealand 
Poland 
Pormga! 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



BNSOOCIO: <WO 9643936A2_I_> 



WO 98/43936 



PCT/US98/0S998 



10 



- 1 - 

IMPROVED METHODS OF MANUFACTURING BETULINIC ACID 
FIELD OF THE INVEHTTOtt 

The present invention relates to improved 
methods of manufacturing betulinic acid. In particu- 
lar, the present invention relates to two improved 
methods of manufacturing the active isomer of 
betulinic acid, in high yield, from betulin. 

BACKGROUND OF THE INVEjfTTfl fll. 

Betulinic acid is being intensively investi- 
gated as a potential therapeutic agent for a variety 
of diseases. For example, E. Pisha et al., J.M. 
Nature Medicine, 2, pages 1046-1051 (1995) discloses 
that betulinic acid has an unexpected selective 
antitumor activity against human melanoma, e.g., 
15 MEL-l, MEL-2, and MEL- 4 . In addition, T. Fujioka et 
al. J m Nat. Prod., 57, pages 243-247 (1994) discloses 
that betulinic acid has ant i - HIV activi ty in H9 
lymphocytic cells . ■; <. < * ;vr: 
: , , , Research directed to betulinic acid, and the 
20 development of betulinic acid as, a therapeutic agent, 
has been hindered because betul'xiiic acid presently is 
available in very limited <^iijtities and at a,, very 
,[ hi 9 h cost. • Betulinic acid, ^e., 30-hydr^-lup- 
20 (29) -ene-28-aic acid, and betujln, however, actually 
25 exist in relatively flarge quantises because betulinic 
• acid and betulin are naturally;; occurring compounds 
that can be isolated from several genera, of higher 
plants. ; ' _ 

For epcampl.e , the b^rjc pf white birch , Be tula 
alba, contains ' ;bet;iilinic acicj £0 . 025% by weight) , 
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betulin ..(.25% by weight), and lup-20 (29) -ene-30,28- 
dio.l. Because vast quantities of white birch bark are 
available, betulinic acid is potentially available in 
large quantities. However, the methods required to 
isolate betulinic acid from white birch bark are 
tedious and laborious. Therefore, it is difficult and 
costly to., obtain , a sufficiently large sample of 
betulinic acid to perform an extensive testing. 
Accordingly, a simple synthetic route to betulinic 
acid is needed to provide sufficient quantities of 
. betulinic acid to thoroughly investigate betulinic 
. agent as. a therapeutic agent, and to provide commer- 
, cial quantities of betulinic acid. The present 
invention, is directed to methods of manufacturing 
15 . betulinic .acid such that betulinic acid can be readily 
and economically available to individuals as a thera- 
peutic agent. 
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SUMMARY OP THIS raygKTioiy 

The present invention, therefore, is direct- 
ed to methods of manufacturing betulinic acid of 
sufficient purity and in sufficient yield to provide 
commercial quantities of betulinic acid at a commer- 
cially acceptable cost. in particular, the present 
invention. is directed to methods of manufacturing the 
pharmacologically active 0- isomer of betulinic acid 
•from betulin, la high yield. 

Prior publications disclose multistep 
synthetic routes to betulinic acid from betulin, but 
the -multistep. routes suffer from a low overall yield. 
.For example, the synthesis of betulinic acid has been 
disclosed. : in yon. L. Ruzicka et al., Helv. Chim. Acta, 
21, pages ,1706-1717 (1938) and A, Robertson, «7. Chem. 
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Soc, pages, 1267-1273; U939K Contrary to these prior 
syntheses, the present methods provide a high yield of 
. the aQtive 0- isomer of betulinie acid from betulin via 
a short, simple- synthetic route requiring as few as 
5 . ; two synthetic steps . ' ... - v 

In particular, betulin can- be converted to 
betulinie acid in ;g.ood yielifc usin<j either of two 
different, methods In-.the f irst. me thod*, betulin first 
is oxidized to betulorxic acid;, then the betulonic acid 
10,. is reduced to betulinie acid;' In the second ^method, 
protecting groups are used to selectively protect the 
secondary - alcohol- (i.e. . . OH) functional' group of 
betulin, and then the unprotected primary alcohol of 
the protected betulin is oxidized to -provide the 0- 
15 ; , isomer of. betulinie -acid'. . The : . protecting : groups are 
used to .eliminate isomerization of the secondary 
alcohol group of betulin. ...::::->} 

Each method utilizes betulin as a starting 
material. Betulin is- a ph$&p: :and abundant starting 
2 0 material because betulin constitutes 25% by weight of 
.white birch, . : bark and -is., readily isolated from white 
birch bark. In addition,-; the supply ^of white birch 
,. ba,rk is. essentially limitless. v Currently } wtiite birch 
bark is, ..an, undesirable -by-product- of the forest 
25 industry, ,and large, amounts of white -birch bark are 
b.eing burned as a -waste disposal method.-' 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



, - : , Betulinie . acid; ; in particular the 0- isomer 
of betulinie acid/ illustrated ^hereafter a's compound 
3, was prepared* in high purity -and 1 high yield frbm 
naturally .occurring betulin, . illustrated hereafter as 
compound 1, via short synthetic routes. 7 The synthetic 
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methods can. be, .used to prepare commercial scale 
quantities of , the 0- isomer of betulinic acid, either 
for use in extensive clinical testing or as a commer- 
cial therapeutic agent: 

In general, crude betulin can be isolated 
from white birch bark in significant quantities by 
extraction processes well known in the art. The 
extraction process uses, an organic solvent, such as 
Chloroform., methylene chloride, carbon tetrachloride, 
dichloroethyl ether, 1,1,1-trichlorethane, ethylene 
dichloride, propylene dichloride, dichloroethyl ether, 
similar chlorinated hydrocarbons, and mixtures there- 
of. The organic solvent typically has a boiling point 
of about 20«C to about 100»C to facilitate separation 
15 of the crude betulin from the solvent. A preferred 
extraction solvent is chloroform. 

Cr M de betulin obtained from the extraction 
process is recrystallized a sufficient number of 
times, i.e.. one to about five times, from a suitable 
solvent or solvent blend, like, for example, a blend 
of methanol and chloroform, to provide purified 
betulin, i.e., compound i of synthetic scheme l 
illustrated below. 

?n one. embodiment of the present invention, 
the 0- isomer of betulinic acid was prepared as fol- 
_ lows. ,The purified betulin first was subjected to an 
oxidation. reaction, such as a Jones' oxidation using 
chromium trioxide (Cr0 3 ) , sulfuric acid (HjSO^ , and 
acetone . at o-C.-.. to provide betulonic acid, i.e., 
30 .compounds of scheme i. This oxidation reaction 
. ; oxidised both the primary. an d secondary hydroxyl 
(i.e., OH) functionalities to a carboxylic acid 
. functionality and.a.keto functionality, respectively. 



20 



25 



BNSOOC1& <WO 9643S36A2_I_> 



I 



WO 98/43936 PCT/US98/05998 



- 5 - 

It should be understood that other oxidizing 
agents that convert both the primary* and the secondary 
hydroxy functionalities of betiilin to a carboxylic 
acid functionality and a Jcetb functionality also can 
5 be used in: the oxidation step : 'bf the synthetic method. 
For example, a, potass ium permanganate oxidation can be 
•used. Other^ useful cxidizihg agents include sodium 
dichromate in acid, chromic acid iri pyridine, manga- 
nese dioxide, bromine, and a ketone in combination 
10 with a base. A preferred b'xidizing agent is a combi- 
nation pf chromium tribxide, sulfuric acid, and ace- 
: ;,tone, i.e., a Jones' oxidation. ' : 



Scheme 1 




i. Oxidation Step 
—15 ii. Reduction "Step 

j In synthetic scheme 1, a -Jones' oxidation of 
: betulin yielded: purified betulbriic acid' in a 75% 
yield. The betulonic acid was purified and isolated 
by chromatpgraphing ; the crude ; oxidation reaction 
20. product through a chromatography coluirtn containing 
. silipa gel using a blend of petroleum ether and ethyl 
acetate.. t - ; -. nz: . '^r,. : : 

( The .betulonic acid then was reduced, using 
sodium borohydride in tetrahydrof oran (NaBH 4 /THF) , for 
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example., to provide an a- and 0. isomeric mixture of 
betulinic acid; in quantitative yield. : This reduction 
step reduced the keto functionality of betulonic acid 
to a hydroxyl functionality, Without reducing the 
. carboxylic .acid functionality of betulonic acid. 

Therefore, in addition to a sodium boro- 
hydride reduction, other reducing agents that reduce 
a keto functionality to a hydroxyl functionality, 
without affecting- a carboxylic acid functionality, can 
be used in the step of reducing betulonic acid to 
betulinic acid.- In. particular, other metallic hy- 
drides can be. used to reduce the keto functionality of 
betulonic acid to an alcohol functional. Exemplary 
reducing agents include, : but are not limited to 
lithium bcrohydride; lithium tri- tert-butoxyalumino- 
hydride, tert-butylamine, and alumina; lithium tri- 
ethylborohydride; tri- iso-butylaluminum hydride; and 
potass ium. ,tri -s.ec - bu tylborohydr ide . other types of 
reducing agents include/ for example, isopropyl 
alcohol in combination with aluminum isopropoxide, or 
.diborane. 



After purifying the crude reaction product 
of the reducing step, a proton NMR <» H NMR) analysis of 
the .reaction product showed that the ratio of the a- 

. isomer to the 0 -isomer <of the betulinic acid product 
was 5:95. The 'h NMR spectrum of the 0-isomer was 
identical to the -»h NMR spectrum of naturally occurring 
betulinic acid. • 

The a- and 0- isomeric mixture of betulinic 
acid was-recrystallized from methanol to provide the 
desired 0- isomer of betulinic acid as colorless 
needles, in a 75* yield. The impure betulinic acid 

. <i;e. , an uhrecrystallizable a- and 0- isomeric mixture 
of betulinic acid) -was reoxidized, and the resulting 
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oxidation reaction product then was * reduced. The 
resulting- product. ;..of the reduction reaction was 
recrystallized. from methanol to provide the active 0- 
isomer of , betulinic acid in a 71"* overall yield. The 
5 unrecrystallizable or- and a-isomeric mixture of 
betulinic acid was r collected--' ■■•tor further recycling 
through the synthetic method of scheme 1 . 

The above synthetic scheme 1 provides high 
.. yields of : the ..active rj8- isomer of betulinic acid, and 
10 essentially utilizes all - of the betulin ; starting 
material because of the ability to recycle the a- and 
-.0- isomeric mixture of - betulinic acid back "through the 
synthetic , scheme. . .In particular, the recyclable 
isomeric mixture either, can be added to the next batch 
15 ,of. betulin raw material, * or simply ■ can be recycled 
thrpugh the : process of; scheme. ;1 until essentially all 
, .of,, the. betulin. is converted inrov the- 0-' isomer of 
betulinic acid . :- , In- either, ca;se> synthetic 1 Scheme 1 , 
which provides a high yield of-the 0- isomer of betu- 
20 : linic acid, eventually uses all of : the betulin raw 
material , thereby affording manufacturing -economies 
and avoiding a waste disposal* problem. 

> ". : In another; embodiment of the present inven- 
tion, formation of >t.he undesirable a-lsomer of betu- 
25 1 ^ n ^ t x a cid is completely ■circuiir^ented. 7Thi^ synthetic 
approach, illustrated, bf : low : as Synthetic scheme 2, 
avoids the formation of betulonic acid., rattd thereby 
eliminates the reduction step which >,-. leads to formation 
of the of- and 0- isomeric mixture of ^betulinic acid. 
30 .1?. synthetic scheme; 2, , the primary hydroxyl 

group of betulin first was .protected as a ■tetrahydro- 
pyran (THP) ether, i.e. , qpmpound 4, of; scheme 2, using 
' dihydropyran, methylene . chloride,.;. and pyridinium p- 
toluene sulfonate (DHP/OT 2 C1 2 /PPTS, 95* yield). In 
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this reaction step,, the secondary hydroxyl group of 
betulin was not affected.-' it should be noted that 
other commonly used protecting agents also can be used 
to protect .the primary hydroxyl group of betulin. 
5 Numerous protecting agents for hydroxyl groups are 
lisped in T.W, Greene et al . , "Protective Groups in 
Organic. Synthesis, " John Wiley and Sons. Inc., NY, NY 
(1991) at. pages 413-420, incorporated herein by 
reference,; Examples of protecting groups include, but 
10 are not limited to. triphenylmethyl chloride, di- 
mechylaminopyridine, and dimethyl f ormamide ; benzyl 
. alcohol and potassium hydroxide; 2 -methoxypropene and 
phosphorus oxychloride; and 2 - phenoxypropene and 
phosphorus oxychloride. 
15 Then, the secondary hydroxyl group of mono- 

,protect ; ed betulin compound 4 was acetylated using 
. acetic anhydride in pyridine (Ac 2 0/pyridine) , to yield 
. . monoprote.c.ted betulin acetate compound 5 of scheme 2 
in 87% yield. other aeetylating agents also can be 
20 used. Examples of other aeetylating agents include, 
but are not limited to, acetyl chloride; pentafluoro- 
phenyl acetate, triethylamine , and dimethyl f ormamide; 
acetic anhydride, boron trifluoride etherate, and 
tetrahydrofuran; ketene. potassium tert-butoxide, and 
tetrahydrofuran; and acetic acid and trimethylsilyl 
chloride. 

Next, the primary hydroxyl group was de- 
protected by selectively removing the THP ether from 
compound 5 using methanol and PPTS (MeOH/PPTS, 95% 
30 yield) and the resulting betulin alcohol acetate 
compound 6 was subjected to a Jones' oxidation 
(Cr0 3 /H 2 S0 4 /acetone) to yield the betulinic acid 
acetate compound 7 in 80% yield. Other compounds that 
can be used to remove the protecting group include. 
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..but are not .limited to, formic acid and water; copper 
sulfate and benzene; acetic acid; acetic acid, water 
and tetrahydrof oran; and. phenyl mercaptan, trimethyl- 
silane., . tetrabutylammonium iodide, zinc iodide, and 
5 V, 2 -dic.hloroethane., ... 

Finally, the acetyl, group of compound 7 was 
removed using .potassium carbonate,, methanol ; and water 
vK-vCO^/Me.OH/^O) to provide the^jS- isomer of betulinic 
acid in an 88% yield. . Other compounds" also can be 

10 . us : ed to deacetylate. compound 7, for- example', * but not 
limited to, ammonia and methanol ; /t-ributyl tin methox- 
ide. and 1 , 2 - dichlorethane ; boron tr-if luoride ^therate 
and wet acetonitr.ile;:,. and guanidine, ethanol, and 
methylene chloride. - ■. - .. 

* 5 The overall yield of the ^-isomer of betu- 

linic acid f rom : betulin starting material was about 
55%. Confirmatory analysis: showed that' the reaction 
product resulting -from r.syn.thetic scheme 2^was r identi - 
cal to ..the 0- isomer : qf . b^ clinic acid . synthesized in 

20 synthetic scheme 1. : • 
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Overall, in a large-scale conversion of 
betulin to betulinic acid, the two-step conversion of 
synthetic scheme 1 is preferred, even though the o- 
and 0- isomers of betulinic acid are generated. 
5 Synthetic scheme l is preferred because the synthetic 
method is short, the yield of the 0- isomer of betu- 
linic acid is high, and avoids waste problems. As set 
forth below, betulinic acid has been successfully 
prepared, in high yield, using both synthetic schemes 
10 i and 2. in particular, several 30 gram (g) scale, 
two-step conversions of betulin to betuiinic acid, as 
set forth in scheme l, have been performed successful- 
ly. 

General; Melting points (mp) were deter- 
15 mined using a Fisher- Johns apparatus and were uncor- 
rected. CIMS was performed using a Finnigan MAT 90 
instrument. *H NMR and l3 C NMR (carbon- 13 NMR); were 
.performed using a Varian XL-300 instrument and a 
standard Varian program. 
20 Preparation of Betulonic acid (2) . To a 

solution of betulin . (l, i.o g, 2.26 mmol) in acetone 
(50 mL) , cooled to o°C, freshly " prepared Jones' 
reagent was -added dropwise. The resulting mixture was 
stirred for about 1.5 hours at 0°C, quenched with 
25 ■ methanol (25 mL) , stirred for an additional 5 minutes, 
then water (40 mL) was added. The acetone was removed 
under vacuum and the aqueous residue was extracted two 
times with 40 mL of ethyl acetate (EtOAc) . The ethyl 
acetate layer was separated from the aqueous layer, 
then the ethyl acetate layer was washed first with 
water (20 mL) and then with brine (15 mL) . The ethyl 
acetate layer was dried over magnesium sulfate (MgS0 4 ) , 
then filtered, and finally the ethyl acetate was 
removed under vacuum. The residue was column chroma - 
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tographed. over ..silica, gel (60-200 mesh) using petro- 
leum ether/EtOAc (4:1 volume ratio) to yield 770 mg of 
betulonic. acid, having a melting point (mp) of 247- 
249 ° C literature mp 246.-247«C> .• The reaction provid- 
ed a 75% yield of betulonic acid. 

preparation o£ Betulinic Acid (3). To THF 
(20.mL). containing betulonic acid (500 mg, l.io mmol), 
and. copied to 0°C, was added 440 mg, i.e., 10.0 
• ■ equivalencs ' of • sodium, borohydride (NaBH 4 ) . The 
resulting mixture was stirred at room temperature for 
abpuc.10 hours. The reaction then was quenched with 
3 mL .of 2N aqueous hydrochloric acid (HCL) , and 50% by 
volume, of the THF was removed under vacuum. The 
resulting .solution was diluted with EtOAc (80 mL) and 
was washed with water (3 x5 mL) and brine {5 mL) . 
The ethyl acetate . layer was dried over MgS0 4 , then 
.fil.tered, ,and finally the ethyl acetate was removed 
.under- vacuum.. ,,The., white residue (quantitative yield) 
was. dissolved in. . hot methanol ' (50 mL) , then the 
resulting solution was cooled to room temperature to 
induce recrystallization of 37 5 : mg of betulinic acid, 
compound 1, having an mp 291V292°C (literature mp 290- 
293 0 C). The reaction provided a 75% yield of betu- 
linic acid. . . • 

Prfiparation of moao-THP bafculia ether (4). 
To a. methylene chloride (CH 2 C1 2 ) solution (15 mL) 
containing betulin ( 2 , 450 rng, 1.016 mmol) was added 
dihydropyran ,(DHP, 94 mg. 1.12 mmol) and pyridinium p- 
toluene sulfonate, (ppts, 30. mg. 0.12 nrnol) at room 
temperature and under, a nitrogen (N 2 ) blanket. The 
resulting mixture was stirred for three days. After 
completion of the reaction. 5 mL of saturated sodium 
bicarbonate '< NaHC0 3 ) . was added to the reaction mixture. 
The organic layer was separated from the aqueous 
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layer, next was washed with a saturated sodium chlo- 
. ride .(NaCl) solution. (5'mLK then' dried over MgS0 4 , 
. filtered,; • and finally the methylene chloride was 
removed under vacuum. The : ties idue was chromatographed 
5 over silica gel using petroleum ether/EtOAc (4:1 
. volume ratio) to. provide the m6hb-THP ether of betu- 
lin,. i.e.* compound 4', as" a^ diastereomeric mixture 
(508 mg , 9,5%) . : The diastereomeric mixture 1 4 was 
subjected to a. -subsequent reactibn without separation 
,10 and isolation of isomers. A mass spectrum' of the 
reaction product gave MS (CI) m/e (rel intensity) 441 
(-THP,, 10) , ,425 (-OTHP; 100) , 407 <-OTHP-H 2 0, 12). 

Preparation of mono-THP ether betulin 
acetate (5). ,To 8. mL of a pyridine solutibh Contain- 
15 ing the diastereomeric. mixture o£ monb-THP J betulin 
ether 4 : {280 mg,. -0 . 53~nunol-) was added acetic arihydride 
: . (llQ.mg, excess) . ■ The resulting mixture was stirred 
.for about 3 6 houra.at xoorrt rterft^rature f The pyridine 
then was removed : .under vacuum arid the residue was 
20 diluted with EtOAc (40 mL) • and washed with water (2 x 
5 mL) and saturated NaCr 45 mL) . The Organic layer 
was separated from the-- aqueous -layer, dried over MgS0 4 , 
then filtered, and - f inal 1 y the EtOAc was removed under 
vacuum. The residue was chroma tographed ; over silica 
25 gel .using, .petroleum re&her/EtClAc : fWi % volume ratio) to 
give a diasteromeric mixture of moho^THP ether betulin 
acetate, i.e.., compound s, in 87% yield (263 mg) . The 
. diastereomeric-mixture 5 ^was 1 subrjefcteH to a subsequent 
reaction without-s.eparatiSh- and -isolation of isomers. 
A .<nass spec t trum,.of- the reawictfi product gave MS (CI) 
m/e , (r : el - ^tensity:) , 56-9. ,<M? 503 (-CH 3 COOH, 

.26) , . 4.85, -:(.-THP, 12) i-468^- ( -OTHP, ■ 10) , 425 
, ( - CH3.COOH - THP , 100) , 409. t * GH-jCOQH-CJTHP > 8) , 407 (17). 
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Preparation of betulin acfct&te alcohol (6) . 

To a 5 mL methanol solution containing the diastereo- 
meric mixture of mono -THP ether betulin acetate 5 (260 
mg, 0.457 .mmol}, was added ■ PPTS (10 mg, 0.04 mmol) . 
5 The resulting mixture was stirred for about 36 hours 
at room. .temperature-. The reaction, solution then was 
quenched with , saturated NaHC0 3 (5 mL) , and extracted 
with EtOAc (50; mL) . The organic layer from the 
aqueous layer was separated, and washed with water (2 

.10 x 100. mL) , then dried over MgS0 4 , filtered, and finally 
EToAc was removed under vacuum. The residue was 
chromatography over silica gel using petroleum 
ether/EtOAc (4:1 volume ratio) to afford the betulin 
, ; acetate alcohol , . i.e., compared to 6, in 95% yield 

15 ... . { ? 10 . m 9>* The compound, had an rnp ; 258-259°C (litera- 
ture rap. 259-260) ; 13 C NMR (75.5 MHz, CDC1 3 ) , 6 171.04, 
. .150.45, ,109,.. 72, 80.91, 60.52, 55.34, 50.27, 48.77, 
47.79, f 47.76,;42.63v 40.90, 38.35, 37.77, ' 37.26, 
37.05, 34.13, ;,33.95, 29.70; 29.12, 27.92, 27.00, 

,20 25.13, 23.67,. 21.34, 20.81, 19.04, 18.16, 16.48, 
16.16, 15.95, 14.70; and an MS (CI) m/e (rel intensi- 
ty) 485 (M + H + , 4), 467 (-H 2 0, 27), 425 (-CH3COOH, 
100) , 407 (22) . 

Preparation of betulinic acid acetate (7) . 

25 Freshly prepared Jones' reagent (1.0 mL) was 

added dropwise, at 0°c, with stirring, to an acetone 
(10 mL) solution containing betulin acetate alcohol 
compound 6, (170 mg, 0.35 mmol). The resulting 
mixture was stirred at 0°C for about 1.5 hours, then 

30 was quenched with methanol (5 mL) . After stirring for 
5 minutes, water (7 mL) was added to the mixture. The 
organic solvents were removed under vacuum and the 
aqueous residue was extracted with EtOAc (2 x 10 mL) . 
The organic layer was separated from the aqueous 
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layer, then washed .with water ■(2-oc-5 mL) and saturated 
NaCl (5 -mL) .. The organic layer was dried over MgS0 4 , 
then filtered, and finally the EtOAc was removed under 
vacuum.. The Residue was chroma tog raphed over silica 
5 gel using petroleum ethet/EtOAc (4 ;1 volume ratio) to 
provide betulinic acid acetate compound 7 in 80% yield 
(140-mg)> having an mp 288-290°C (literature mp 289- 
291°C); a 13 C NMR (75\ 5 MHz, CDC1 3 ) 6 182 .12, 171.08, 
150.36,- 0-09.74, 80 ;.93 , ■ 5.6 . 38 55 , 38 , 50v36, 49.22, 

10^. 46,93/ — 42.;39, . 40.66, 3'8.39; 38. 36, 37.78, 37.09, 
. 37.04, ; 34.20,-, 32.13, 30.54, 29.67; 27.93; : 25.41, 
.23.68., f 21.33, 20.82.,, 19.33, 18 . 14 16 . 46/ " 16.17, 
16.02, 14.64;. and an MS (CI) m/e (rel intensity) 499 
(M + H + , 43), 453 (-CO ; H 2 , 21) , 439 (-CH 3 COOH : , 100). 

15 Removal of tHe acetyl group. Betulinic acid 

acetate compound 7 (80.fng. : 0.16 mmol) was stirred in 
aqueous methanol solution containing ' excess potassium 
carbonate (K 2 C0 3 ) . f or about 24. hours to provide betu- 
linic -acid, compound . 3 , in 88% yield af ter column 

20 chromatography (petroleum ether/EtOAc, 4:1 volume 
..ratio), having ah mp 291-292°C (literature mp 290- 
293°C) . : • * ^ 
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WHAT IS CLAIMED IS : 

1. A method of manufacturing betulinic 
acid comprising the steps of: 

(a) subjecting betulin to an oxidation 
5 reaction ; to provide - a reaction product wherein a 
primary alcohol functionality of betulin is converted 
. to a carbpxylic acid functionality and a secondary 
alcohol, functionality of betulin is converted to a 
keto functionality; 
10 (b > subjecting the reaction product of step 

. (a) to a reduction reaction to convert the keto 
functionality to a secondary alcohol f unctionality and 
thereby form a reaction mixture containing an a-isomer 
^ of betulinic acid and a £- isomer ,o£ betulinic acid; 

15 < c >, separating the 0-isomer of betulinic 

* ci -?/^i rp ? n :^ il ?^ reaction mixture of step (b) to provide 
the. isomer, of betulinic acid;, and 

.(d) purifying the. 0-isomer of betulinic 

acid. 



20 2 * The method of claim l wherein the 

betulin is oxidized in step (a) using an oxidizing 
agent selected from the group consisting, of chromium 
trioxide, sulfuric acid, and acetone; potassium 
permanganate; sodium dichromate in an acid; chromic 
acid in pyridine; manganese dioxide; bromine; and a 
ketone in combination with a base, r 

3.. The . method of claim l wherein the 
betulin is oxidized in step (a) using chrominum 
trioxide, sulfuriq- acid, and acetone at 0°C. 



25 
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4. The method : of claim 1 wherein the 
reaction product of step (a) is isolated in at least 
a 75% yield. 

5. " -The method " of claim 1 wherein the 
5 reaction product of step (a) is reduced in step (b) 

using a reducing agent capable 'of reducing a keto 
functionality to a- secondary : alcohol functionality, 
wherein said reducing' agent -lacks an ability to reduce 
a carboxylic acid functionality; - * ' - 

0 ■ ! 6.. ' The method of claim l wherein the 

reaction product of step (a) is -reduced" in step (b) 
,using a reducing agent selected from the group con- 
sisting of sodium borohydride; diborane; isopropyl 
alcohol .and aluminum isoprdpoxide ; lithium boro- 
hydride; lithium tri- tert-butbxyalWindhydride, tert- 
butylamine, and alumina"; lithium' tri&t'iiyibo'rohydride; 
tri - i so- butylaluminum hydride; and" potassium tri- sec- 
butylborohydride . 

•7. The method of claim l wherein the 
reaction product of step : '(aj ' is reduced in step (b) 
using sodium ■borohydride ' " : ; " J 

8. The method of claiiti "ir wherein the 
react-ion mixture • of -scep-'(b) is : is'blatfed in at least 
a 75% yield. «:•■.-.■: ~ > - : " ; ' ; ■ * 

9.. - The methdd ! of : claim 1 wherein the 
isomer of betulinic acid is ^isolated in at least an 
overall 60% yield f<rom the betuliri. * ' : ; 



- 20 
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10. ! The method of claim 1 further compris- 
ing the step, is subjecting the or- isomer of betulinic 
acid generated in step (b) to an oxidation reaction to 
regenerate "the reaction product of step (a)'. 

5 ^l- The method of claim 10 further compris- 

ing, the steps of: subjecting the regenerated reaction 
product of- 'step fa) to form a regenerated mixture of 
the o?- isomer and the 0- isomer of betulinic acid, then 
. separating the /8-isomer from the a-isomer to provide 
10 the 8 -isomer of betulinic acid. 

12. A method of manufacturing betulinic 
, acid comprising the steps of: 

(a) reacting betulin with a protecting 
compound capable of reacting with a primary hydroxyl 

15 group , of; betulin, wherein the protecting compound 
lacks an ability to react with a secondary hydroxyl 
group of betulin, to form protected betulin; 

(b) reacting the protected betulin of step 
fa) with. an acetylating compound to yield an acetyl - 

20 . ated and protected betulin; 

(c) reacting the acetylated and protected 
- betulin of step (bK with a compound capable of remove 

ing the protecting compound to generate an acetylated 
betulin; 

25 < d > subjecting the acetylated betulin of 

step (c) to an oxidation reaction to generate a 
betulinic acid acetate ; and 

(e) rembving the acetyl group from the 
. betulinic- acid acetate of step <d) to provide the 0- 
30 isomer of betulinic : acid. 
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The method of claim 12 wherein the 
protecting compound; is selected- from the group con- 
sisting of dihydropyran and; : pyridinium p- toluene 
sulfonate in methylene chloride; :. . triphenylmethyl 
chloride, dimethylaminopyridine , arid dimetnylf orm- 
amide ; benzyl alcohol : .and .potassium hydroxide ; 2 - 
methqxypropene and phosphorus oxychloride-; and 2- 
phepoxypropene . and phosphorus; .oxychloride. - 

14 . . The method of claim 12 >. wherein the 
acetylating compound is .selected- from the group 
consisting of acetic anhydride in pyridine; acetyl 
chloride ; pentaf luorqphenyl , acetate, triethylamine, 
and dimetnylf ormamide; acetic anhydride, boron tri- 
fluoride etherate, and tetrahydrof uran; Jcetene, 
potassium ter t -but oxide, . ; ,and tetrahydrpfuran; and 
acetic acid and t rime t hy 1 s il y 1. c hi oride .;. : " 1 . 

15 • The method of' claim 12 wherein the 
protecting group, is removed in . step (c) using a 
compound . selected from, . the .group, consisting of 
pyridinium p- toluene sulfonate; formic: acid and water; 
copper sulfate and benzene; -acetic acid; acetic acid, 

.water, and tet rahydrof oran;. : and phenyl- : ; roercaptan, 
trimethylsilane, ; . . tetrabutylammonium iodide, zinc 
iodide, and 1, 2 -dichloroethane. • . : .. 

r 16 v The- method of; claim. ;12 wherein the 
oxidation reaction of step (dh. is- performed using an 
oxidizing agent selected , f rom the. group consisting of 
chromium trioxide, sulfuric acid,; ;.and acetone; potas- 
sium permanganate; sodium - dichromate ' in - an acid; 
chromic acid in pyridine; manganese dioxide; bromine; 
and a ketone in combination with a base. 



It 



VYO 98/43936 PCT/US98/05998 



- 20 - 

17- The - method of claim 16 wherein the 
oxidation- re&ctiotf of step (d) is performed using 
chrominum trioxide, sulfuric acid, and acetone at 0 a C. 

18. The method of claim 12 wherein the 
5 acetyl* gfbup 1 is' removed using a reagent selected from 

the group consisting pf. potassium, carbonate, metha- 
nol, and water; ammonia and methanol; tributyltin 
methoxide and 1, 2-dichloroethane; boron trifluoride 
echerate and wet acetonitrile ; and guanidine, ethanol, 
10 and methylene chloride. . . < 

19 . The method of claim 12 wherein the 
overall yield of the Of- isomer of betulinic acid from 
betulin is greater than 50%. 
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